Purpose: To evaluate the posterior corneal surface differences between non-laser in situ keratomileusis (LASIK) and 10-year post-LASIK myopic eyes. Methods: The study included 130 eyes from 65 patients, who were treated with myopic LASIK 10 years ago. In addition, 130 eyes from 65 unoperated myopic patients of matching present age and preoperative refraction were divided into control group. Data on the posterior corneal surface and anterior chamber were obtained from Pentacam software and compared between the groups. Postoperative visual acuity (VA) and refractive error were also analysed. Results: The mean preoperative spherical equivalent (SE) was À6.99 AE 1.78 dioptre (D) in the LASIK group. Ten years after surgery, the mean SE was À0.45 AE 1.22 D, the efficacy index was 0.98, and the safety index was 1.01. The posterior corneal elevations of the LASIK group at 2 mm corneal diameter were significantly lower than those of the control group. However, posterior corneal elevations at 6 mm corneal diameter were higher in the LASIK group than the controls (p < 0.01 for all). The mean Q-values of posterior corneal surface demonstrated significant positive direction compared to that of control eyes at 6 and 7 mm corneal diameters (p < 0.05 for both). At the thinnest point of the cornea, the anterior chamber depths were shallower in the LASIK group than in controls. Meanwhile, the anterior chamber volumes (ACV) were smaller in the LASIK group than in the control group. Conclusion: Our results demonstrated that the posterior corneal surface tends to show signs of central flattening and peripheral steepening 10 years after myopic LASIK surgery compared to that of non-operated myopic eyes.
Introduction
Millions of patients worldwide undergo LASIK each year; therefore, the safety and efficacy of LASIK is a significant public health interest. Studies reported that LASIK is a safe and effective longterm procedure for treating myopia, with a high rate of corrected distance visual acuity (CDVA) increase (Alio et al. 2008; Liu et al. 2008; D'Arcy et al. 2012 ). In addition, it was reported that iatrogenic keratectasia with a progressive decrease in CDVA and increase in corneal steepening occurred in eyes with normal preoperative topography after myopic LASIK (Goncalves & Goncalves 2013) . Furthermore, the risk of subclinical corneal ectasia after myopic LASIK has been a controversial issue over the last decade. Previous studies, using scanning slitbeam corneal topography (Orbscan corneal topography), mostly reported a forward shift of the posterior corneal surface (Kim et al. 2006; Lee et al. 2007 ). However, the failure of the Orbscan to accurately locate the posterior corneal surface after LASIK has been well documented. Interestingly, other studies using a rotating Scheimpflug camera along with 2-month and 1-year follow-ups after LASIK disagreed with the aforementioned results (Ciolino & Belin 2006; Ciolino et al. 2007) . In addition, Nishimura demonstrated that the central posterior corneal surface did not show forward or backward shifting due to mild corneal swelling 1 month after LASIK (Nishimura et al. 2007 ). However swept-source optical coherence tomography (OCT) revealed a forward protrusion of the posterior cornea after LASIK procedure (Chan et al. 2015) . To the best of our knowledge, the posterior corneal anteroposterior movement 10 years after LASIK still remains unknown. In this article, we aimed to describe the posterior corneal morphology of patients who had undergone LASIK 10 years ago in order to further assess the long-term safety of LASIK procedure.
Patients and Methods
Patients and study population
In this cross-sectional study, we reviewed the 65 patients (130 eyes) who had undergone myopic LASIK at the Eye Hospital of Wenzhou Medical University from January 1998 to March 2003. We excluded all cases of retreatment. The control group consisted of 130 eyes from 65 unoperated subjects, who matched the present age and preoperative SE of the LASIK group. This study was conducted according to protocols approved by the ethics committee of the Eye Hospital of Wenzhou Medical University and adhered to the tenets of the Declaration of Helsinki.
Surgical procedure
All patients were operated by two surgeons in 1998-2003. A 193-nm excimer laser (Allegretto; Wavelight, Erlangen, Germany) was used in all eyes. A superiorly hinged 130-lm-thick flap (8.5-9.0 mm diameter) was created by an automated microkeratome (Moria M2; Antony, France). The optical treatment zone was 6.00 mm, and the mean ablation depth was 89.44 AE 18.61 lm.
After surgery, tobramycin (Tobrex; Alcon, Puurs, Belgium) drops were applied four times daily for 3 days in all eyes. In addition, 0.1% fluorometholone (Santen, Japan) drops were applied four times per day and gradually tapered to one time per day every week for a total of 4 weeks.
Patient examinations
Prior to the surgery, we recorded birthday, uncorrected distance visual acuity (UDVA) and best CDVA using the Standard Logarithmic Visual Acuity Chart at 5 metres, manifest refraction, ocular axis and central corneal thickness (CCT).
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For the non-operated patients (control group), we recorded age, gender, manifest refraction, CDVA, slit-lamp biomicroscopy and corneal topography maps and anterior chamber parameters (Pentacam Scheimpflug photography).
All patients were instructed to stop wearing soft contact lenses for 2 weeks or rigid gas-permeable lenses for 4 weeks before examination.
We compared the elevation and Qvalue of posterior corneal surface and the size of anterior chamber between LASIK group and control group. The data on corneal posterior elevation, Q-values, ACV and depth were obtained from Pentacam software. The corneal posterior elevation was obtained at the central zones (the central and thinnest point), paracentral zones (1 mm from the centre, at 0, 90, 180 and 270°), midperipheral zone (2 mm from the centre, at 0, 90, 180 and 270°) and peripheral zones (3 mm from the centre, at 0, 90, 180 and 270°). The anterior chamber depths were obtained at the central and the thinnest point of the cornea. The Qvalues of posterior corneal surface were obtained in areas at diameters of 6, 7 and 8 mm. The reference BFS was determined by the central 8.0-mm zone of the cornea. All data were presented as the mean value of three repeated measurements.
Statistical analysis
Data analysis was performed using the Statistical Package for Social Science software for Windows version 16.0 (SPSS, Inc., Chicago, IL, USA). Visual acuity (VA) was converted to logMAR units from decimal fraction. Normal distribution of data was verified by the Kolmogorov-Smirnov test. When parametric analysis was possible, the independent t-test was used to detect differences between the LASIK group and the control group. Correlations were determined using the Pearson linear correlation analysis. When parametric analysis was not possible, the Mann-Whitney test and Spearman correlation coefficient were performed. Mixed models were used to estimate the difference between LASIK group and control group, adjusted for differences in both eyes of one patient. 
Results
Patient demographics of the LASIK group and the control group are provided in Table 1 . For the 65 LASIK patients, the follow-up time ranged from 10 to 16 years (mean 10.66 AE 0.97 years).
Efficacy of visual and refractive outcomes
More than 10 years after myopic LASIK, the mean UDVA was 0.10 AE 0.18 (LogMAR units) and the efficacy index was 0.98. Among the 130 LASIK eyes, 59 (45.4%) of them had a refractive error within AE0.5 D and 92 eyes (70.8%) showed within AE1.00 D emmetropia. Figure 1 shows the preoperative CDVA and postoperative UDVA percentage of the eyes. Figure 2 shows the SE 10 years after LASIK. At the follow-up, the mean CDVA was À0.02 AE 0.08 and the safety index was 1.01. Figure 3 shows the percentage of the 130 eyes that gained or lost LogMAR lines (safety). A total of 51 (39.2%) of the 130 eyes demonstrated an increase in CDVA, and 68 eyes (52.3%) remained the same CDVA compared to preoperative CDVA. Ten (7.7%) eyes lost one line due to irregular corneal topography and cataract; one (0.8%) eye lost four lines as a result of severe cataract. None of them lost CDVA because of corneal haze or scar.
Thickness of residual stromal bed
The average thickness of residual stromal bed measured by OCT was 338.23 AE 32.25 lm (range, 238-419 lm). Two eyes (1.5%) had a residual stromal bed thickness of <250 lm. The mean PTA was (39.3 AE 6)% (range, 11.9-51.8%). None of the 130 eyes showed any signs of keratoectasia.
Posterior corneal surface Significant differences were found in the posterior corneal elevation at central zones (central point, thinnest point), paracentral zones (diameter -2 mm, at 0, 90, 180 and 270°) and peripheral zones (diameter -6 mm, at 0, 90, 180 and 270°) between the LASIK and the control group (Table 2 ). The posterior elevations of LASIK group were lower than that of the control group in central zone and paracentral zones, but higher in peripheral zone (Fig. 4) .
In addition, statistically significant difference in the Q-value of the posterior corneal surface with diameters at 6 and 7 mm was observed between the LASIK and the control group (p = 0.006 and 0.018, respectively, mixed-model analysis), as post-LASIK corneas were less prolate. There was no significant difference in posterior Q-value of corneal surface with 8 mm diameter (p = 0.773, mixed-model analysis, Table 3 ).
Anterior chamber
As seen in Table 4 , the ACV of LASIK group was significant smaller than that of the control (p = 0.030, mixed-model analysis) and the anterior chamber depth (ACD) for the thinnest point of the LASIK group was shallower compared to the control group (p = 0.012, mixed-model analysis).
Correlation analysis
In the LASIK group, posterior corneal elevations were not correlated with Q-value showed no statistically significant correlation with ablation depth, residual stromal bed or PTA (p > 0.05, Pearson correlation or Spearman correlation).
Discussion
Iatrogenic corneal ectasia has become an increasingly popular topic accompanying the development of keratorefractive surgery procedures. Progressive iatrogenic keratectasia occurs days to years after keratorefractive surgery (Spadea et al. 2012) . Keratectasia tends to occur after myopic LASIK surgery because the flap does not contribute to the biomechanical stability of the cornea after its relocation to the residual corneal stromal bed. Spadea et al. (2012) reported that the incidence of keratectasia after myopic LASIK was 0.57% in a long-term follow-up of a large number of cases. None of the eyes in our study showed clinical or topographic signs of keratectasia at 10 years after LASIK. The posterior corneal surface, which is not directly affected by the surgical procedure or the healing progress, plays a vital role in evaluating the corneal anteroposterior movement after surgery (Lee et al. 2007 ). Many previous studies have reported forward shift of posterior surface after keratorefractive surgery based on the Orbscan system (Kim et al. 2006; Lee et al. 2007; Martin & Rachidi 2012) . However, the accuracy of the Orbscan system for estimating the posterior changes of the cornea, especially in postoperative patients has been questioned (Ha et al. 2009; Kawamorita et al. 2009; Du et al. 2012) . Recent studies have used the Pentacam to estimate the changes in the posterior corneal surface instead of the Orbscan. Pentacam rotating Scheimpflug photography, which has a common central point in all sections, which allows better three-dimensional reconstruction and reduces the effect of eye movement, makes the Pentacam system more reliable and accurate than the Orbscan in measuring posterior corneal surface after keratorefractive surgery (Ha et al. 2009; Kawamorita et al. 2009; Oliveira et al. 2011; Sy et al. 2013) .
Some researchers showed that the posterior corneal elevations remained stable up to 5 years after keratorefractive surgery based on results from the Pentacam (Sun et al. 2009; Grewal et al. 2011) . Ciolino & Belin (2006) also detected no significant difference in the displacement of the posterior corneal surface between LASIK and PRK patients, although the LASIK group included more myopic eyes than the PRK group in their work. On the contrary, Chan and associates, using swept-source OCT, reported significant differences at months 3 and 12 between <0.001 D = diameter, D2 mm-0°= the district with 2 mm diameters at 0°on the posterior surface of the cornea, LASIK = laser in situ keratomileusis. * Analysed by mixed-model analysis.
LASIK and PRK patients (2015). To our knowledge, no additional study has evaluated posterior corneal topographic data at 10 years after LASIK.
In our study, we detected that the posterior corneal elevations at the central zones (central point, thinnest point) and the paracentral zones (diameter -2 mm, at 0, 90, 180 and 270°) of the patients at 10 years after LASIK were significant lower than those of the non-LASIK patients. However, opposite results were observed in the peripheral regions (diameter -6 mm). This could be a surrogate indicator of the incidence of potential ectasia for post-LASIK corneas. The posterior corneal surface showed significant backward displacement in the central regions and a forward shift in the peripheral regions. Meanwhile, the consequences, ACV and ACD of operated eyes were consistently significantly smaller and shallower than those of the controls. Myopic LASIK surgery corrects refractive errors by excimer laser ablation of the stroma with creating a flap. Cornea ablation impairs the biomechanical strength of the cornea, more seriously at the optic zone and less severely at the peripheral region. A quintessential example should be cited that the cornea is not a piece of plastic (Roberts 2000) and as a result that the peripheral cornea 'pulled back' the central cornea. The redistribution of biomechanical strength will engender a significant decrease in central elevation (Dupps & Wilson 2006) . We found that the preoperative CCT, ablation depth, thickness of residual stromal bed and PTA were not correlated with the posterior corneal elevation after LASIK. Similarly, Grewal et al. (2011) also suggested that preoperative SE, CCT, ablation depth and estimated bed thickness did not correlate with the change in posterior corneal elevation. Ciolino & Belin (2006) found that a greater ablation depth led to a trend towards a more serious forward shift despite no significant difference in the change of posterior corneal elevation between LASIK eyes and PRK eyes. These results implied that if a sufficient stromal bed is maintained, potential protrusion could be avoided and consequently, myopic LASIK could be a safe procedure in the long run.
The Q-value, as the coefficient of asphericity, describes the variation in posterior curvature from the apex towards the periphery. The negative value is greater, the cornea is more prolate (Read et al. 2006; Calossi 2007; Gonzalez-Meijome et al. 2007) . Our data demonstrated that the mean Qvalue of LASIK eyes changed into a positive direction compared to Fig. 4 . Posterior elevations in the various optical zones (central point, thinnest point, and 2, 4 and 6 mm diameter) in laser in situ keratomileusis (LASIK) group and control group. *p < 0.05 analysed by mixed-model analysis corrected with eye difference. For the LASIK group, significantly lower elevation was found in the central regions and paracentral zones, whereas higher elevation was found in the peripheral regions. 0.012 ACV = anterior chamber volume, C-ACD = anterior chamber depth at the central point of the cornea, LASIK = laser in situ keratomileusis, T-ACD = anterior chamber depth at the thinnest point of the cornea. * Analysed by mixed-model analysis.
unoperated eyes. This change of the posterior corneal shape was consistent with the change in elevation, which indicated central flattening and peripheral steepening. Interestingly, P erezEscudero and associates reported that there was no evidence of surgically induced displacement of the posterior corneal surface beyond 1 week after LASIK (Perez-Escudero et al. 2009 ). In addition, Hou et al. (2011) inferred that peripheral steepening and central flattening of the posterior corneal surface at early-stage operative eyes (Yan et al. 2013) , which is consistent with our results.
As rotating Scheimpflug photogra1-phy (Pentacam) was uncommon 10 years ago, we were not able to obtain the posterior corneal morphology using Pentacam before the LASIK procedure; therefore, we designed this cross-sectional study which compared the current posterior corneal topography of post-LASIK patients to that of unoperated subjects of matching age and preoperative refraction. Considering the inclusion of both eyes of the same patients, mixedmodels analysis were used to estimate the difference between LASIK group and control group, adjusted for differences in both eyes of one patient. In addition, the small sample size reduced the randomization of this study. A consecutive, prospective, larger sample study based on analysis of one of the eye pair might be more reliable and accurate.
In conclusion, our findings inferred that the posterior corneal surface showed central flattening and peripheral steepening, instead of expansion or ectasia, at 10 years after myopic LASIK. Further prospective studies about corneal biomechanical properties with large patient population and long-term follow-up should be performed for better understanding of the corneal shape response to myopic LASIK surgery, which would ultimately improve the safety and effective of LASIK procedure. 
